A black mask (BM) is a layer used to improve the display quality by suppressing light leakage. In general, the BM is formed by a photolithography process. In this study, a novel technique for the fabrication of a quasi-black mask (q-BM) is proposed; the q-BM was composed of vertical and hybrid orientation areas, patterned by a separation coating technique using an electro-spray deposition method. Using our technique, the q-BM can be formed easily without the additional masks used for the BM.
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Quasi-Black Mask for Low-Cost LCDs by Patterned Alignment Films Formed by an Electro-Spray Deposition Method
Introduction
The electro-spray deposition (ESD) method is a technique for forming a thin film using an electric field and charge, first proposed by Morozov et al. [1] - [9] . In general, in the ESD technique, a liquid solution droplet on the capillary top is charged by electric charges because of the application of a very strong electric field between the substrate and the capillary. The droplet that is removed from the capillary is spotted of again and again by the Coulomb force applied to the electric charge. During this process, tiny droplets fly to a metal plate connected to the electrical ground, depositing the materials on the substrate placed on the metal plate.
At present, the fabrication of patterned films by the ESD method can be performed using either the mechanicalmask [10] - [12] or patterned electrode techniques. In the latter, misty tiny droplets can be selectively deposited on the glass substrate surface with electrode patterns under optimized ESD conditions [13] .
In previous studies, our research group has investigated the application of the ESD method for forming liquid crystal (LC) alignment films [14] - [16] . When the ESD method was used to form an alignment film comprising numerous small domains with two types of alignment materials for the horizontal and vertical alignment, the pretilt angle was controlled using simple equipment in the atmosphere [15] . Fur- thermore, the selective coating method was proposed for the system with two types of alignment materials, for example the horizontal and vertical alignment materials [17] . This is achieved by using a combination of the ESD and conventional spin-coating methods. When the ESD method was applied to maskless patterning by using electrodes on the substrate, materials were deposited on the electrodes spontaneously because of the Coulomb force, leading to highly efficient use of the material.
Quasi-Black Mask (q-BM)
A black mask (BM) [18] , [19] is a layer used to improve the display quality by suppressing light leakage. In general, the BM is formed by a photolithography process. In this study, we propose a novel technique to fabricate a quasiblack mask (q-BM) by using ESD. We focus our study on the passive-driven display with a segment electrode, such as with a seven-segment pattern. Passive-driven displays are used as low-cost displays in applications such as operation panels of electronic devices. The passive driven display has pixel and extraction electrodes for the application of voltage to the pixel electrode. The use of the BM such displays improves the display quality by preventing the transmission of light in the areas outside the pixel electrodes. However, the fabrication of BM can be expensive, increasing the cost of high-quality LCs. By applying the ESD method for the production of a pseudo-black mask in the orientation film fabrication process, we aim to improve the display quality without raising the display cost. The q-BM can be fabricated easily without masks. Figure 1 shows the example of LC alignments in an LC cell with the q-BM obtained using a separation coating technique. The patterned alignment layer is prepared as follows: a uniform vertical alignment film is formed on a glass substrate with indium doped tin oxide (ITO) pattern using conventional methods such as spin-coating, and the horizontal alignment material is then deposited on the electrode using the separation coating technique of the ESD method. To assemble these substrates, the LC orientation in the cell is obtained as shown in Fig. 1 . A horizontal orientation is realized only on the electrode, and the other area of the LC shows a vertical orientation and functioned as a BM. Additionally, a black state is also realized on a region of extraction electrodes due to an optical extinction condition with a hybrid orientation. Thus, our q-BM can be used to block the transmission of the light outside of the pixel area, leading to Copyright c 2016 The Institute of Electronics, Information and Communication Engineers [20] , [21] .
expected improvements in display quality.
Experimental Procedure
In this experiment, a seven-segment LCD with the q-BM was used to demonstrated the performance of our new fabrication method.
Electrode patterns (Figs. 2 (a) and (b)) for the sevensegment LCD were formed on glass substrates (25 × 20 × 1.1 mm) using the photolithography process. Then, the vertical alignment material, SE-1211 (Nissan Chemical Industries) 4 wt%, was spin-coated and a heat treatment at 220
• C for 1 h was performed. Next, the horizontal alignment material, PI-C (Nissan Chemical Industries) 4 wt%, was deposited selectively on the electrode patterns by the ESD method, as shown in Fig. 3 . For the ESD treatment, an alignment material solution diluted 10-fold with a solvent mixture of acetonitrile and tetrahydrofuran (4/6 wt/wt) was used. We used a capillary with an internal diameter of 50 μm and applied a voltage of 5 kV to the capillary.
The sample cells were fabricated using two different ESD instruments for the separation coating. The first one is generally used ESD instrument: a substrate holder fabricated of the insulator material faces the capillary tip as shown in Fig. 3 (a) . The second instrument is a specially improved instrument with the auxiliary spherical electrode facing the capillary tip as shown in Fig. 3 (b) . A metal sphere with a diameter of 3 cm was used as an auxiliary electrode to catch the large droplets and prevent the depositing of these large size droplets on the substrates. This auxiliary electrode was placed just above the capillary tip, and the glass substrate was placed on the concentric circles centered on the capillary tip. Furthermore, the substrate was set up parallel to the tangent of the circle. Here, the substrate angle φ was defined by the horizontal line as zero. Sample cells were fabricated with different substrate angle φ (φ = 15, 25, and 35
• ). After spraying with PI-C solution to improve the film adhesion, 10 μl of gamma-butyrolactone was sprayed over the substrate surface by ESD. This was followed by heat treatment at 220
• C for 1 h and a rubbing treatment. Finally, the empty cells with a thickness of 6 μm were assembled as shown in Fig. 2 (c) , and the nematic liquid crystal 5CB (Merck) was injected into the cell with the isotropic phase and cooled down to room temperature.
Results and Discussion
As mentioned above, in the ideal LC mode, the LC director configuration on the segment electrodes was in the 90
• TN state, wheres that on the extraction electrodes was in the hybrid state with optical extinction position, and vertical alignment was obtained in the other area as shown in Fig. 1 . Figure 4 shows images of the sample cell fabricated using the general ESD instrument (Fig. 3 (a) ). Horizontal LC oriented areas were observed not only on the pixel electrode but also on the other areas in the upper right side of the sample cell. This is attributed to the instability of the Taylor cone at the capillary tip. The Taylor cone is formed due to the balance between the surface tension of the solution and the Coulomb force, and the electric field concentration due to the ITO electrode on the glass substrate disrupts this balance, leading to the spraying of large droplets. On the other hand, relatively favorable patterning following our design was realized on the left side of the sample cell; the bright state was located in the segment pattern area, and the dark state due to the vertical alignment was observed. This shows that it is important to decrease the size of the droplets by improving the stability of the Taylor cone. Figure 5 shows the images of sample cells fabricated with the improved ESD instrument using the crossed Nicols. The cells were fabricated with different substrate angle φ in the ESD process. Using the improved ESD instrument, in Fig. 3 Schematic of our ESD instrument [20] , [21] . all conditions, better alignment was obtained that that of the sample LC cell fabricated by the conventional instrument. We attribute this to the stabilization of the Taylor cone by the auxiliary electrode. Additionally, large droplets fly to the region between the substrate and auxiliary electrode because the size of the available substrate is increased by the auxiliary electrodes.
The bright state was observed in the segment pattern area due to the optical rotation by the 90
• twisted nematic (TN) configuration. In contrast, the dark state due to the vertical alignment was observed in the no electrode area. Furthermore, the dark state was also obtained at the regions of extraction electrodes with the hybrid alignment. However, non-uniform LC orientations were observed in those areas. This was attributed to the small amount of the horizontal alignment material deposited on the no electrode parts. The substrate angle φ influenced the amount of the deposited alignment material. When the auxiliary electrode and the substrate were close to each other, many tiny droplets with horizontal alignment material were deposited on the no electrode regions on the substrate. In the sample cell fabricated with φ = 15
• , some bright dots were observed. This was attributed to the deposition of the horizontal alignment material on the area without the electrodes because the auxiliary electrode was very close to the substrate. Additionally, the incompletely dark state with scraped texture generated by rubbing treatment was observed on the area without the electrodes in the sample cell for φ = 35
• . This was due to the horizontal alignment droplets drifting in the peripheral part of the spray reaching the substrate and their deposition on the area without the electrode. Additionally, the bright state was observed in some parts of the extraction electrode patterns in this sample. This was attributed to the same reason; if the horizontal alignment material was deposited on the extraction electrode, the director configuration in these sections was not that of a hybrid orientation but rather of a 90
• TN orientation. Accordingly, the substrate angle of φ = 25
• was found to be optimal in this experiment. However, it was necessary to improve the uniformity of the precision of the selective coating by the ESD method. Figure 6 shows the transmittance vs. applied voltage (T-V) behavior of the general 90
• TN cell and the sample LC cell with φ = 25
• . Here, the T-V characteristics were measured under the polarized microscope (Olympus BX51) with an ×20 of objective lens, and a photodiode was mounted to the eyepiece portion. The white light source of the microscope was used.
Unfortunately, compared to the general TN cell, a slightly lower contrast ratio and gentler threshold characteristics were obtained in the LC cell with q-BM. This was most likely due to the occurrence of optical scattering caused by a rough alignment film surface. Additionally, it was considered that higher pretilt angle required for the TN mode was induced on the electrode in the q-BM cell. Because the horizontal alignment film was formed over the vertical alignment film, as a result, the vertical alignment film might be dissolved out by spraying the horizontal alignment material, or side chains of the vertical alignment material might affect to the surface on the horizontal alignment film. Fortunately, no hysteresis characteristic was observed in the T-V curves. This result shows that the alignment film formed by the ESD has an enough anchoring strength and a good stability.
Conclusions
A novel q-BM structure was proposed and fabricated by a selective coating technique using the ESD method. Using our technique, the q-BM for LCDs can be formed easily without any additional photo masks typically used for the formation of the BM layer. Furthermore, a prototype sevensegment LCD with the q-BM was successfully fabricated according to our design. However, non-uniform LC textures were observed in pixel areas due to the small amount of the horizontal alignment material deposited on the no electrode regions of the substrate. Thus, for the further development of this technique, it is necessary to improve the uniformity of the alignment film and the control of the thickness of the selective coating deposited by the ESD method.
